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Abstract 
Twenty four growing goats with mean body weight of 8.00 ± 0.45kg were fed mango seed kernel meals with 
Moringa oleifera  supplementation on to asses their acceptability and energy with nitrogen utilization. Goats 
were assigned to three dietary treatments in a completely randomized design with eight goats per treatment. The 
three compared treatment diets were: A (45% of raw mango seed kernel), B (45% of soaked mango seed kernel) 
and C (45% of parboiled mango seed kernel). Concentrate of 45% was added to each of the experimental diet, 
while each goat received 8 grams of Moringa oleifera as supplement in their respective diets. The results 
indicated that, diet A was significantly (P < 0.05) highest in gross energy intake (15.23MJ/kg), faecal energy 
output (4.59MJ/kg), total energy output (6.25MJ/kg) and faecal nitrogen output (4.02g/day) compared to diets B 
and C. Mean dry matter intake (3.09kgDM), coefficient of preference (3.98), digestible energy intake 
(12.22MJ/kg), metabolizable energy intake (11.01MJ/kg), nitrogen balance (12.37g/day) and nitrogen retention 
(81.17%) were significantly (p < 0.05) best in diet C compared to other treatment diets. Significant difference (P 
> 0.05) did not occur in nitrogen intake and urinary nitrogen output among the treatment diets. It was concluded 
that parboiled mango seed kernels and concentrate with Moringa oleifera supplementation ( diet C) has the 
potential to improve acceptability and enhance energy with nitrogen utilization for goats. 
Keywords: Mango seed, Moringa oleifera, acceptability, nutrient utilization, goats. 
 
INTRODUCTION 
Ruminants are very important sector of livestock that provide invaluable sources of employment, income and 
food security to large segments of population in the world. Goats constitute very important part of ruminant 
livestock sub - sector in the Nigerian agricultural economy. They are one of the most important domesticated 
small ruminants with a population of 29.2 million in Nigeria (Ukanwoko et al., 2009). Goats also play significant 
role in the nutrition of most Nigerian, as they offer the cheapest sources of domestically provided meat in 
Nigeria. Thus, the potential of goat production in alleviating low animal protein intake by man in developing 
nation need no emphasis (Ilori et al., 2013). 
The shortage of good quality feeds needed to sustain goat production, especially during the off - season 
has been the major challenge to small ruminant livestock industry in Nigeria. Forages being the primary and 
most economically source of nutrient for goats, decline rapidly in quality during dry season and result to poor 
goat performance and nutritional stress. The escalating high cost of conventional feedstuffs due to stiff 
competition for their use by man and other livestock have worsen the situation of feeds shortage for goats with 
concomitant increase in cost of their products. The development of alternative feedstuffs in goat nutrition will 
continue to receive attention in Nigeria as long as the feed sources continue to be scarce and expensive. Hence, it 
has become imperative therefore to turn attention to the exploitation of non-conventional feeds particularly those 
that are locally available. 
Mango seed kernel is one of such unconventional feedstuffs that can be used in feeding goats. Though 
mango seed is poor in protein content, they are considered as valuable energy feedstuff because of their richness 
in oil (6 – 16%DM) and starch (40 – 50%) content  and ruminants can tolerate concentrates with up to 50% of 
mango seed kernels without adverse effects on the animals (Sanon and Kanwe, 2010). The seed kernel is fairly 
rich in tannin which progressively lead to reduction in growth rate and less efficient in feeds utilization when 
included as major component in the diet of livestock (Moore, 2004).  Olabanji et al. (2010) reported that mango 
seed kernel feeding value decline rapidly in acceptability and nutrient utilization, if the tannin content is not 
reduced or totally removed. Thus, the techniques aimed at reduction of tannin in mango seed kernel improve its 
utilization in livestock. 
Moringa oleifera is a vegetable tree, that is extremely nutritious with many potentials. The leaf powder 
is loaded with nutrient which contain healthy protein and anti oxidant that serves as dietary supplement to 
livestock (Bamishaiye et al., 2013). Though the use of mango seed kernel has been successfully investigated in 
livestock, there is still a paucity of information describing the use of Moringa oleifera as supplement to mango 
seed kernel in goat feeds. Thus the objective of this study is the effect of Moringa oleifera supplementation on 
acceptability and nutrient utilization of goats fed mango seed kernels. 
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MATERIALS AND METHODS 
Study Location: The experiment was carried out at the Teaching and Research Farm, Ambrose Alli University, 
Ekpoma, Nigeria. Ekpoma is located in the Northern East of Edo state (Long. 6.090E and Lat. 6.420N) Nigeria. 
The area is characterised by long rainfall pattern that begins in April and end in October, while the short period 
of dry season last from October to March. The mean annual rainfall and temperature of the area are about 
1556mm and 300C respectively. 
 
Experimental Diets: Mango seeds were collected from mango plantation vicinity around Ekpoma. They were 
washed, cut opened and scopped out the kernels before they were divided into three fractions. The first fraction 
was raw sundried mango seed kernel (RMSK), the second fraction was soaked (3hours) in water at room 
temperature before sundried the mango seed kernel (SMSK). The third fraction was parboiled (at 1000C for 
10minutes) before sundried the mango seed kernel (PMSK). Thereafter, the three fractions were crushed 
separately into meal before used. Formulated concentrate that comprised the following: 50% brewer’s dry grain, 
35% wheat offal, 10% rice bran, 1.50% vitamin, 2.00% bone meal, 1.00% limestone and 0.50% salt with 
calculated 16.15% crude protein and 1930.50Kcal/kg metabolizable energy was used in combination with 
differently processed mango seed kernels. Moringa oleifera leaves that serve as supplement were obtained from 
the plant and sundried. The dried leaves were milled into a meal using a hammer – mill to pass through a sieve of 
0.05mm to reduce selection when mix with diets. 
The three experimental diets prepared were the differently processed mango seed kernel which 
include; A (45% of RMSK ), B (45% of SMSK) and C (45% of PMSK). However, concentrate diet of 55% was 
added to each of the experimental diet. The experimental diets were offered at the rate of 5% (dry matter basis) 
of their body weight after the free choice intake. Each animal also received 8 grams of Moringa oleifera leaves 
meal as supplement in their respective diets. 
 
Experimental Animals, Feeding and Management: twenty four (24) growing West African Dwarf (WAD) 
goats aged between 8 – 9 months with a mean body weight of 8.45kg were purchased from an open livestock 
market at Ekpoma. They were balanced for weight and randomly allotted to the three (3) dietary treatments (A, 
B and C) with eight (8) animals each per treatment. Hence, each treatment was replicated eight (8) times. The 
experimental design for the study was the completely randomized design. 
The experimental pens were cleaned and disinfected before the arrival of goats. On arrival, the goats 
were given anti-stress and prophylactic treatments against the common viral and bacterial diseases. They were 
dewormed and bathed to eliminate endoparasite and ectoparasites. The animals were housed individually in an 
open – sided, well ventilated pens. Feeding of animals that lasted for 12 weeks was preceded by 2 weeks of 
acclimatization. The experimental diets were offered once daily in the morning at about 8.00am. The animals 
had free access to fresh water and salt lick daily. 
 
Acceptability Study: The twenty four (24) growing WAD goats were used to evaluate the free choice intake of 
the three compared experimental diets. An open pen that had been designed to accommodate twenty five to thirty 
goats was used. The floor of the pen was covered with wood shavings to a depth of 5cm for the absorption of 
urine and faeces. In triplicates 5kg each of the experimental diets were placed in strategic locations in feeder 
troughs measuring 2m x 5m. The goats were allowed to feed from 8.00am to 4:00pm daily for 14 days. 
Consumption was measured by deducting leftovers from the amount of the feed offered. The diet preferred was 
assessed from the coefficient of preference (COP) value, calculated from the ratio between the intakes for the 
individual diet divided by the average intake of the three diets (Babayemi, 2007). Therefore, diet was inferred to 
be relatively acceptable provided the coefficient of preference was greater than a unity. 
 
Nutrient Utilization Study: Six (6) WAD goats randomly selected from each treatment (totally 18) were used 
to carry out nutrient utilization study. The goats were housed in individual metabolic cages with slated floors 
adapted for faecal and urine collection. Goats were fed with their weighed treatment diets for the last 7-day after 
7-day adjustment period of metabolic cages. 
The quantity of feeds offered which represented the fraction of the quantity of the feed offered to each 
goat per day and the leftover which represented the one that was not consumed were weighed daily. The weight 
difference between them was recorded and taken as the feed intake. Daily faecal and urine samples were also 
weighed. Sub-samples of the faecal were dried, bulked together and stored in the desiccator while the sub-
samples of the urine were stored in sample bottles and frozen until they were required for analysis. 
Heat combustion of feeds, faeces and urine were determined using an adiabatic bomb calorimeter. 
Digestible energy (DE) and metabolizable energy (ME) intake per animal were determined from the energy 
content of the feeds intake (gross energy) and the amount of energy in faeces, urine and methane. The amount of 
energy loss through methane was set at 5% of the gross energy intake (CSIRO, 2001). 
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Nitrogen balances by the goats were calculated as the difference between nitrogen intake and nitrogen 
excreted from faeces and urine. Nitrogen retention percentage was computed from nitrogen balance expressed as 
a percentage of nitrogen intakes. 
 
Chemical and Statistical Analyses: Samples of differently processed mango seed kernels, concentrate diet and 
Moringa oleifera leaves were analysed for proximate composition using the procedures of  AOAC (1990). 
Faecal and urine samples were also analysed for nitrogen content using the same method of AOAC (1990). 
Data obtained from energy and nitrogen utilization parameters were subjected to analysis of variance 
(ANOVA) to determine the significance of treatment effects following the methods described by SAS (1999). 
Significant differences between means were separated by Duncan Multiple Range Test. 
 
RESULTS AND DISCUSSION 
Table 1.Chemical composition (%DM) of differently processed mango seed kernel, concentrate diet and 
Moringa oleifera leaves. 
 
Parameters 
 
RMSK 
 
SMSK 
 
PMSK 
 
CONCENTRATE 
 
MOL 
Dry Matter 90.56 89.76 92.06 83.96 86.79 
Crude Protein 5.90 6.15 7.20 16.15 17.01 
Crude Fibre 0.89 1.00 1.04 14.25 10.11 
Ether Extract 5.46 5.00 4.60 1.14 2.14 
Ash 2.25 2.30 2.69 7.89 7.93 
Nitrogen Free Extract 76.06 75.31 76.53 44.53 49.60 
RMSK = Raw sundried mango seed kernel 
SMSK = Soaked sundried mango seed kernel 
PMSK = Parboiled sundried mango seed kernel 
MOL = Moringa oleifera leaves 
The proximate composition of differently processed mango seed kernel, concentrate and Moringa 
oleifera leaves are shown in Table 1. The results indicated that PMSK (92.06%) had the highest dry matter 
content, while concentrate (83.96%) was the lowest. The differences could be due to the feeds that were 
characteristically different in dry matter content. Crude protein content that ranged from 5.90% to 17.01% was 
highest in MOL and lowest in RMSK. The highest crude protein content obtained in MOL could probably due to 
the concentration of protein content in the moringa leaves. The crude fibre content that ranged between 0.89% in 
RMSK and 14.25% in concentrate was generally low in processed mango seed kernels. This could be as a result 
of complete removal of the testa (the translucent covering) of the mango seed kernels at dehulling. The higher 
values of ether extract obtained in processed mango seed kernels (RMSK 5.46%, SMSK 5.00% and PMSK 
4.60%) compared to concentrate 1.14% and MOL 2.14% could probably due to the concentration of fat content 
of the mango seed kernels. Values for concentrate (7.89%) and MOL (7.93%) were higher in ash content than 
RMSK (2.25%), SMSK (2.30%) and PMSK (2.69%). This low values obtained in processed mango seed kernel 
could be reflected to flushing of soluble fraction of the kernel and the mineral content of the kernel mineral 
content of the mango seed kernel. Nitrogen free extract values of 76.06, 75.31, 76.53, 44.53 and 49.60% were 
obtained for RMSK, SMSK, PMSK, concentrate and MOL respectively. The similar and higher nitrogen free 
extract values observed in processed mango seed kernel indicated their higher starchy meal with energy content. 
However, the proximate composition of processed mango seed kernels and Moringa oleifera leaves used in this 
study were similar to the reported values of Olabanji et al. (2010) and Tatiana et al. (2013) respectively. 
 
Table 2.Mean dry matter intake (MDI/kgDM) and coefficient of preference (COP) by goats fed Mango seed 
kernels supplemented with Moringa leaves 
 
Diet 
Acceptability Days 
2 4 7 10 14 
A (RMSK + Concentrate)     0.62 0.81 0.71 0.89 0.97 0.99 1.19 1.06 1.32 1.30 
B (SMSK + Concentrate)    1.02 1.00 1.69 1.12 1.97 1.87 2.06 2.01 2.68 2.78 
C (PMSK + Concentrate)     2.01 1.63 2.23 1.92 2.34 2.21 2.56 3.01 3.09 3.98 
RMSK = Raw sundried mango seed kernel 
SMSK = Soaked sundried mango seed kernel 
PMSK = Parboiled sundried mango seed kernel 
MOL = Moringa oleifera leaves 
The mean dry matter intake (MDI/kgDM) and coefficient of preference (COP) by goats fed 
experimental diets are presented in Table 2. Several reports (Babayemi et al., 2009, Ilori, et al., 2013) indicated 
that direct intake of feeds by animals through the use of cafeteria technique remains one of the authentic methods 
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of assessing the nutritive value of ruminant feeds. Though this cafeteria method has been used to access the 
acceptability of different dietary inclusion of Baobab by goats (Ilori et al., 2013) but not in differently processed 
mango seed kernel meals. 
However, the free choice intake of differently processed mango seed kernel meals used in this study, 
were generally accepted by goats. Though, diet A (RMSK + concentrate) was rejected in the first seven days of 
the acceptability study. This observed initial displeasure and less preference showed by goats on diet A at the 
onset of the acceptability study before later accepted could probably due to the palatability, residual anti-
nutritive factors and rate of fermentation of the potentially digestible diet. This is in conformity with the report of 
some researchers (Sanon et al., 2013; Odunsi, 2005) that the nature of  feed and high percentage of residual anti 
nutritional factors in feed reduced the palatability and have inverse effect on intake of mango seed kernel meal 
by animals. The free choice intakes of SMSK + concentrate and PMSk + concentrate by goats were noticed to be 
increasingly in trend with the continuous supply of feeds to the fourteen day. This might be as a result of the 
goats getting use to the feeds and the less tannin content reduced by processing method of the feeds that would 
have reduced the bitterness and increased the palatability of the feeds. This agrees with the findings of Garba et 
al. (2010) that the physical structure, palatability and degree of residual anti-nutritional factors of feed are most 
important factors that influence preference for feed intake. Babayemi (2007) further suggests that animal’s 
preference for feed swings in relation with instant over an elongated examination periods. 
Moreover, at the end of acceptability study, it was observed that PMSK + concentrate had the highest 
mean dry matter intake (3.09kgDM), followed by SMSK + concentrate (2.68kgDM) before RMSK + concentrate 
(1.32kgDM). More also, diet C (PMSK + concentrate) showed the highest coefficient of preference of 3.98 
compared to diets B (SMSK + concentrate) and A (RMSK + concentrate) that had 2.78 and 1.30 respectively. 
The lesser preference for diets A and B compared with diet C could be attributed to the processing methods. 
Thus, diet C seemed to have been preferred by goats, hence they showed more willingness to consume the feed 
more than others. This is supported by the report of Babayemi et al. (2009) that much longer time is essential in 
carrying out preference studies for ruminants, there by paving ways for adjustment. 
Presented in Table 3 is the energy utilization (MJ/kg) of goats fed experimental diets. Energy 
utilization by ruminants has been reported by Johnson et al. (2003) to play an important role in determining the 
energy available for animal performance. Gross energy intake was significantly (p < 0.05) highest in diet A 
(15.23 MJ/kg) compared to diets B (14.65MJ/kg) and C (14.37MJ/kg). The difference could be as a result of 
different 
 
Table 3.Nutrient utilization of goats fed mango seed kernels supplemented with Moringa oleifera leaves 
 
Parameters 
Diets 
A B C SEM ± 
Energy utilization (MJ/kg)     
Gross energy intake 15.23a 14.65b 14.37b 0.16 
Faecal energy output 4.59a 2.89b 2.15b 0.03 
Total energy output 6.25a 4.22b 3.36b 0.04 
Digestible energy intake 10.64b 11.76a 12.22a 0.29 
Metabolizable energy intake 8.98b 10.43a 11.01a 0.31 
Nitrogen utilization (g/day)     
Nitrogen intake 14.65 15.04 15.24 0.52 
Faecal nitrogen output 4.02a 2.52b 2.46b 0.04 
Urinary nitrogen output 0.62 0.81 0.41 0.01 
Nitrogen balance 10.01c 11.71b 12.37a 0.43 
Nitrogen retention (%) 68.33c 77.86b 81.17a 0.69 
a,b,c,
 means along the same row with different superscripts are significantly (P < 0.05) different from each other 
Processing methods of the mango seed kernels. This observation was contrary to the report of Noblet 
and Van Milgen (2004) who reported that daily energy intake remains relatively constant across diets 
irrespective of the intake with different energy densities. The faecal and total energy output values for goats were 
not significantly (P < 0.05) different between diet B (2.89 and 4.22 MJ/kg) and C (12.15 and 3.36 MJ/kg), but 
diet A (4.59 and 6.25MJ/kg) was significantly (P < 0.05) higher than diets B and C. The imbalance levels of 
nutrient utilization caused by inhibitory effects of residual anti-nutritional factors of mango seed kernels could 
have accounted for such difference observed. This is in consonance with the earlier report of Sanon and Kanwe 
(2010) that increase in level of tannin in mango seed kernels has a negative effect on nutrient utilization and 
influence high faecal energy output in animals. However, the total energy output obtained in goats on diet A 
could also be as a result of higher energy loss through methane gas. This is in conformity with the report of 
Babayemi and Bamikole (2006) that methane production in the rumen has a negative correlation with energy 
utilization in ruminants. 
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Digestible and metabolizable energy intake values were significantly higher (P < 0.05) in goats on diet 
C (12.22 and 11.01 MJ/kg) and B (11.76 and 10.43MJ/kg) compared with goats on diet A (10.64 and 
8.98MJ/kg). The low values for digestible and metabolizable energy observed in goats on diet A could probably 
be explained by high energy loss through faecal and total energy output that attributed to improper energy 
utilization by the goats. Johnson et al. (2013) reported that high total energy output has a direct effect on 
metaoblizable energy intake in ruminants. 
Table 3 also shows nitrogen utilization of goats fed experimental diets. Nitrogen intake values of 
14.65, 15.04 and 15.24g/day were for diets A, B and C respectively. No significant (P > 0.05) difference was 
observed between treatment effects. This might be a reflection of protein content in the treatment diets. Faecal 
nitrogen output was significantly (P < 0.05) higher in diet A (4.02g/day) compared to diets B (2.52g/day) or C 
(2.46g/day). The higher value for faecal nitrogen output observed in diet A could be traced to the amount of 
unfermented nitrogen ingestion in the gastro intestinal tract which reduced the digestibility of the diet and 
influence higher faecal nitrogen output. The urinary nitrogen output values that ranged from 0.41g/day for diet C 
to 0.81g/day in diet B was not significantly (P > 0.05) differed between dietary treatments. The non differences 
could probably due to the less concentration of ammonia content in the rumen which was later converted to urea 
and excreted. This is in line with the findings of Ososanya (2010) who reported that nitrogen excreted in urine 
will depend on urea recycling and the efficiency utilization of ammonia produced in the rumen by microbial 
protein synthesis. 
Nitrogen balance and retention were reported (Olorunnisomo, 2010) to be the proportion of nitrogen 
utilised by ruminants from the total nitrogen intake for body processes. Thus, the more the nitrogen consumed 
and digested, the more the nitrogen retained and vice versa. However, nitrogen balance and retention were 
significantly (P < 0.05) highest in diet C (12.37 and 81.17g/day) and lowest in diet A (10.01 and 68.33g/day). 
The highest nitrogen balance and retention for goats in diet C could be attributed to the relatively high degree of 
protein content contributed by the mango seed kernels. This suggests that parboiled mango seed kernel in diet C 
was well utilized and efficiently used as fermentable nitrogen source for microbial growth in the rumen which 
promoted higher positive nitrogen balance and retention than raw and soaked mango seed kernel meals in diets A 
and B respectively. 
 
CONCLUSION  
From the result obtained in this study, it was concluded that feeding of differently processed mango seed kernels 
supplemented with Moringa oleifera to goats could be served as feeds to improve goat performance most 
especially during the off season. 
However, mean dry matter intake with coefficient of preference and nutrient utilization improvement 
were more pronounced in goats fed parboiled mango seed kernel meal with concentrate (diet C) without any 
inverse effect on their performance response. 
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